From 1995 and 2011, Beasley Lake watershed near Indianola, MS, was subjected to a variety of conservation measures designed to reduce water velocity, erosion and discharge of sediment laden water. Water quality monitoring during the period indicated a number of long term trends and relationships between the parameters measured. Conservation practices reduced sediments and nutrients during the course of the study that resulted in increased Secchi visibility and chlorophyll a. Annual mean dissolved oxygen decreased slightly over time and was strongly dependent upon temperature, and weakly associated with varying salinity and pH. Total phosphorus, ammonium nitrogen and nitrate nitrogen showed significant downward trends from 1995 through 2011. Chlorophyll a concentration was significantly dependent upon total nitrogen but not phosphate, indicating nitrogen limiting conditions. Watershed based conservation practices significantly changed the long term water quality of Beasley Lake by reducing sediment and nutrients, increasing water clarity and boosting primary production as indicated by chlorophyll a.
Introduction
Despite significant financial investment in conservation practices and water quality protection, biodiversity continues to decline due to water quality and habitat degradation [1] - [5] . A recent national assessment rated about 42% of the nation's streams as having "poor" biological condition, with about one-third of total stream length desig-nated as stressed by elevated nitrogen (N) or phosphorus (P) concentrations and about one-quarter impaired by riparian zone degradation or excess fine sediment in the streambed [6] . Recent national lakes assessment estimated 33% of lakes have poor lakeshore habitat and 20% have elevated nutrient levels, with agriculture cited as a leading source of impairment [7] . Fresh water bodies are experiencing declines in biodiversity as much as five times more rapidly than those in the most affected terrestrial ecosystems [8] . Future influences on environmental quality include synergistic effects of climate change, biofuel production, increased human population and exotic species. In recent decades, major strides have been made in implementing soil conservation measures, but in many agricultural landscapes, water quality issues remain unsolved [9] . Off-site and downstream impacts of agricultural water pollution continue to raise concerns, most notably marine dead zones linked to excess N and P [10] [11] . Rivers and natural lakes within cultivated floodplains also experience chronic hypoxia [12] . New and improved technology is needed to address these issues in support of Federal mandates under the Clean Water Act of 1972, the Food, Conservation, and Energy Act of 2008, and the Mississippi River Basin Healthy Watersheds Initiative (MRBI).
One of the most intensively farmed agricultural areas of the United States is the southern portion of the Mississippi River Alluvial Plain, an 11 million hectares area locally referred to as the Mississippi Delta. This alluvial plain region is a narrow strip on both sides of the Mississippi River, widening in some places to approximately 160 kilometers, that extends over 1100 kilometers from southeastern Missouri to the Gulf of Mexico. Agricultural activities in the Delta differ significantly from those in other regions such as the mid-western United States [13] . The humid sub-tropical climate in the Delta allows a different array of crops and cultural practices than those common in other areas of the United States. These factors, in combination with high regional rainfall amounts, can increase the chances for soil erosion and chemical movement within Delta watersheds.
Agricultural activities are considered, by some, to be a major source of nonpoint source pollution in the United States. Examples of nonpoint source pollution have been documented in various agricultural regions like the Midwest [14] . Nonpoint source pollutants include sediment [15] , pesticides and nutrients [16] - [18] . Legislation such as the Clean Water Act recognizes agricultural Best Management Practices (BMPs) as methods to reduce nonpoint source pollution. BMPs are typically implemented on farms on a voluntary basis with funding provided through cost-share programs if available. However, since the late 1980's, legislation such as reauthorizations of the Clean Water Act and the Farm Bill began to contain language that implied the mandatory use of BMPs in agricultural communities to reduce nonpoint source pollution.
Delta lakes, long known for their productivity and recreational value [19] , have not escaped the detrimental effects of soil erosion. Their popularity as recreational resources has decreased as water quality and fisheries have declined [20] . Cooper and Knight [21] have attributed these declines, in part, to soil erosion and sedimentation. Detrimental impacts on stream and lake water quality due to erosion and sedimentation have been well documented [22] [23] .
Oxbow lakes are remnants of meandering floodplain rivers that have been cut off and physically isolated from their respective main river channels. Because of this isolated condition, changes begin to occur in the physical and chemical characteristics of the lake basin and in the floral and faunal assemblages. Over time allochthonous organic materials derived from previous connections with the floodplain river ecosystem are processed and energetically depleted. Isolated oxbow lakes in agricultural regions tend to become less heterotrophic and more autotrophic, becoming closed entities within themselves, functioning similarly to farm ponds and other small impoundments.
If suspended sediment concentrations are low enough to provide suitable light penetration, oxbow lakes provide conditions conducive to photosynthesis, primarily via phytoplankton, and may support a sustainable sport fishery. However, agricultural practices often result in soil erosion that can lead to increased turbidity in the oxbow lakes and subsequent inhibition of photosynthesis. Turbidity in oxbow lakes can be persistent in areas having soils with high clay content. Although nutrients such as phosphorus are commonly associated with delta soils and isolated oxbow lakes tend that to load nutrients, these systems may become energy starved and very unproductive due to lack of light penetration.
Materials and Methods
Beasley Lake Watershed was a component of the Mississippi Delta Management Systems Evaluation Area (MD-MSEA) from 1994-2004 and was later included as one of 14 USDA Conservation Effects Assessment Project (CEAP) benchmark watersheds [24] . As such, the watershed has produced a significant long-term database of best management practices (BMPs) from 1994-2011. This study was conducted on Beasley Lake located south of Indianola, MS, in Sunflower County in the lower Mississippi River drainage basin. Beasley Lake is a 16 ha oxbow with a large wooded riparian zone located in a 915 ha watershed. During the initial years of the study (1994) (1995) (1996) , Beasley Lake watershed (BLW) was farmed using conventional tillage to grow cotton (Gossypium hirsutum L.) and soybeans (Glycine max [L.] Merr). Over the course of the study the watershed received a variety of conservation management practices designed to reduce water velocity, erosion, and discharge of sediment-laden water into the lake; thus, reducing nonpoint source pollutants entering the lake [25] . [26] . A constructed wetland and a two-cell sediment basin, respectively, were established in 2003 and 2010, respectively.
Water quality was measured from February 1995 through August 2011. Water sampling sites were located at three locations; one in the middle of the lake and one at each distal end. Surface water was collected at each site at the depth of approximately 0.25 m. Automated water quality monitoring equipment was used to obtain biweekly measurements of temperature, pH, dissolved oxygen and conductivity. Surface water was sampled biweekly for total, suspended, and dissolved solids, total phosphorus, filterable ortho-phosphate, total nitrogen, ammonium nitrogen and nitrate nitrogen, chlorophyll, coliform and enterococci bacterial counts and Secchi visibility. Additional and more specific details of sampling regimes, physical and chemical parameters measured, and analysis procedures for the project varied with the different aspects of the project and are in [27] .
Analytical and chemical methods were based on procedures from [28] . Calculation of means and statistical analysis (linear regressions or correlations) were completed using SigmaStat for Windows version 2.03 statistical software. All parameters were tested for differences at the 5% level of significance.
Results and Discussion

Trends through Time
An examination of the data showed several trends over time. Dissolved oxygen concentrations decreased slightly over time while pH and salinity exhibited slight increases (Figure 1 ) While the trends were statistically significant the standard coefficients were very low; −0.141 for dissolved oxygen, 0.247 for pH and 0.280 for salinity. However, there were relatively strong positive correlations between conductivity (correlation coefficient = r = 0.681), salinity (r = 0.356) and dissolved solids (r = 0.694) with time. This is reasonable since dissolved solids are primarily salts which will affect salinity concentrations which in turn has a positive effect on conductivity.
Suspended and total solids decreased significantly over the course of the study. Total solids decreased 65% from an annual mean high of 592 mg/L in 1996 to an annual mean low of 82 in 2008. Suspended solids, the major component of total solids also showed significant downward trends with time (r = −0.455). Both Secchi depth and chlorophyll a concentrations increased as suspended solids decreased (Figure 2) . The significant inverse relationship (r = −0.544) between Secchi visibility and total solids is expected since suspended sediment will reduce visibility (Figure 3) . The decrease over time was likely due to the application of conservation practices designed to reduce sediment in agricultural runoff. Total phosphorus (r = −0.429), ammonium nitrogen (r = −0.421) and nitrate nitrogen (r = −0.295) showed significant downward trends during the course of the study. Figure 4 shows decreasing monthly mean total phosphate and nitrate over time with an increasing concentration of monthly mean chlorophyll a (Figure 4) . Trends are more easily seen by plotting monthly mean total phosphate, nitrate and chlorophyll a by year (Figure 5) . Annual mean chlorophyll a significantly increased from 1995 through 2011 (r = 0.726). 
Relationships between Parameters
The temperature, conductivity and salinity data indicated positive significance among one another. As temperatures increased during any given year evaporation likely increased the salt concentrations in the lake. The correlation coefficient for temperature and conductivity was 0.802 and for temperature and salinity was 0.694. As one might expect dissolved oxygen was dependent upon temperature (r = −0.572) and varied seasonally. Salinity was significantly but weakly related to dissolved oxygen concentrations (Figure 6 ), as dissolved oxygen increased salinity tended to decrease. This finding is consistent with the relationship between salinity and dissolved oxygen as reported by [29] . Conversely, as dissolved oxygen increased, pH also increased. It is likely that as phytoplankton removed carbon dioxide from the water column and produced oxygen, carbonates accumulated, hydrolyzed, and raised pH [29] . Analysis of chlorophyll a and phosphorus showed no significant relationships among chlorophyll a, total phosphate, and ortho-phosphate, however there was a significant positive relationship between total Kjeldhal nitrogen and total nitrogen (Figure 7) . While phosphorus is most commonly the limiting nutrient of fresh water, nitrogen can be limiting and this may be the case in Beasley Lake. 
Conclusion
Conservation practices effectively reduced sediment and nutrient entering Beasley Lake via agricultural runoff during the course of the study. In response, Secchi visibility and chlorophyll a increased over time. Annual mean dissolved oxygen decreased slightly over time and was strongly dependent upon temperature, and weakly associated with varying salinity and pH. Total phosphorus, ammonium nitrogen and nitrate nitrogen showed significant downward trends from 1995 through 2011. Chlorophyll a increased during the study period and was significantly dependent upon total nitrogen and total Kjeldhal nitrogen but not phosphate indicating nitrogen limiting conditions. This research demonstrates the effectiveness of watershed based conservation practices in reducing sediment and nutrients, increasing water clarity and boosting primary production as indicated by chlorophyll a. Further it provides insight into the dynamics of limnological parameters of shallow oxbow lakes.
